The infusion of low doses of epidermal growth factor (EGF) into lactating ewes stimulates water intake and urine volume. The plasma concentrations and daily output of various electrolytes in milk and urine are also affected. We have investigated this further by recording the effects of EGF infusion on fluid balance, electrolyte profiles and plasma concentrations of glucose and parathyroid hormone (PTH) in non-pregnant, non-lactating ewes. Twenty-four animals (n=8 per group) received infusions of 100 ml saline/day into the jugular vein for 10 days (days 1\p=n-\10) followed by EGF at a dose rate of either 1 (low dose), 5 (medium dose) or 10 (high dose) \g=m\g/kgliveweight per day in 100 ml saline for 5 days (days 1 1 \ p = n -\ 1 5 ) .
medium and high dose groups respectively. Water intake increased by 17% (0\m=.\5kg), 88% (2\m=.\5kg) and 89% (2\m=.\3kg) and urine vol umeincreased by 29% (0\m=.\5kg), 108% (2\m=.\2 kg) and 134% (2\m=.\1kg) for the three groups respectively. Fluid balance and feed intake were not affected by EGF infusion, but the output of faecal dry matter was reduced in ewes receiving the two higher doses of EGF. All levels of EGF resulted in hypocalcaemia, increased plasma PTH concentrations and hypermagnesaemia. There was no effect of EGF on plasma concentrations of K+ and glucose or on daily urinary excretion of K+ and Mg2+. The only response to the low dose was a reduced plasma concentration of Na+ and an increased daily urinary urate excretion. The two higher doses increased the daily urinary excretion of Na+, PO3\m=-\4 and urate, but had no effect on the respective concentrations in plasma. Urinary Ca2+ excretion was reduced only during infusion of the medium dose of EGF.
The responses of most variables were similar during infusion of the medium and high doses of EGF. All three doses of EGF induced polydipsic and diuretic responses in ewes, and infusions of 5\p=n-\10\ g=m\gEGF/kg
INTRODUCTION
The kidney is a major site of synthesis for the epider¬ mal growth factor (EGF) precursor (Rail, Scott, Bell et al. 1985) and EGF itself (Kanda, Saha, Nomata et al. 1991) . Specific renal receptors for EGF have been identified in vitro (Norman, Badie-Dezfooly, Nord et al. 1987 ) and it has also been shown that EGF is role for EGF in the proximal tubules and medullary portions of the rabbit nephron, due to the presence of low-and high-affinity binding sites for EGF. During daily i.v. infusions of 500 pg mouse EGF into early lactating ewes, profound increases in water intake and urine volume , in conjunction with changes in electrolyte profile (Gow, Silvapulle , were observed throughout a 4-day period of treatment. In order to investigate these responses further, we have measured the effects of three doses of EGF on renal function through changes in fluid balance and the excretion of Na+, K+, Ca2+, Mg2+, PO|~and urate in non-pregnant, non-lactating ewes. As plasma Ca + concentrations are regulated by parathyroid hormone (PTH) (Rasmussen, 1985) Water was available ad libitum and each ewe was of¬ fered a calculated maintenance diet of 50:50 lucerne chaff:crushed oats (11-5 MJ metabolizable energy/ kg, air dry). The ration was offered in two halves at 11.00 h and 18.00 h daily. The ewes were accustomed to handling during the 3 weeks before the treatment period.
Preparation of EGF The EGF for infusion was purified from mouse submandibular glands using the procedure of Savage & Cohen (1972) . This was dissolved in saline (9 g NaCl/1) to give a stock concentration of 50 pg EGF/g and was stored in aliquots at -17°C until infusion.
Experimental procedures
Two polyvinyl chloride catheters (1-0 mm inner diameter by 1 · 5 mm outer diameter ; Durai Plastics, Sydney, NSW, Australia) were placed in the jugular veins of each ewe 4-5 days before infusion. One catheter was used for the infusion of saline or EGF and the other for the collection of blood. The ewes received a continuous infusion of 100 ml saline/day for 10 days (days 1-10), followed by 1 (LD), 5 (MD) or 10 (HD) pg EGF/kg LW per day in 100 ml saline for 5 days (days [11] [12] [13] [14] [15] . Subsequently all ewes were infused with 100 ml saline/day for 10 days (days [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] (1982) . The lower limit of sensitivity of this assay was 0-8 pg/1 and the intra-assay coefficients of varia¬ tion (C.V.) were 4-5-7-3%. Plasma PTH was measured by an in-house radioim¬ munoassay using a polyclonal antiserum specific for the intact and N-terminal fragments of human PTH.
There was no cross-reaction with the mid-molecule or C-terminal fragments of human PTH (McElduff, Wilkinson, Lackmann et al. 1989 ). The lower limit of detectability was 0-10 pg/1 and the intra-assay C.V. was 4-5%. (Devore & Peck, 1986; section 13.3, pp. 577-580) . Observations recorded for the first day of the second period of saline infusion (day 16) were not included in these analyses because many of the ewes were exhibiting carry-over effects from the previous EGF infusion. RESULTS 
EGF concentrations in plasma
Immunoreactive EGF was not detected in the plasma of ewes during the saline infusion periods. However, during EGF treatment, individual plasria concentra¬ tions of EGF ranged from 0-8 to 9-3 pg/1 (LD group), 0-8 to 14-1 pg/1 (MD group) and 0-8 to 20-7 pg/1 (HD group). The protein was not detected over at least 2 consecutive days in 7, 2 and 2 ewes of each group respectively.
Feed intake and output of faecal dry matter Throughout the experiment the mean voluntary daily feed intake was l-18±0-03 (s.e.m.) kg, l-15±0-03 kg and l-12±0-03 kg for the ewes in the LD, MD and HD groups respectively. One ewe in each of the LD and HD groups voluntarily reduced its feed consump¬ tion during days [15] [16] [17] . Both ewes consumed all of the daily ration thereafter (10 kg each).
There was a reduction in the output of faecal dry matter during the period of EGF infusion in all groups ( Fig. la After EGF infusion ceased, the daily urine volume of the LD and MD groups returned to pretreatment levels, whereas the urine volume of the HD group fell but remained elevated (P<002) compared with that recorded in the period before EGF infusion.
Fluid balance
The mean daily fluid balance (intake minus excretion in urine and faeces) was not significantly affected by EGF in any of the treatment groups (Fig. Id) . ) during saline and epidermal growth factor (EGF) infusions. Ewes received a continuous infusion of saline (100 ml) per day for 9 days (days 2-10), then 1 (circles), 5 (triangles) or 10 (squares) pg EGF/kg liveweight per day for 5 days (days 11-15), followed by saline (100 ml) per day for 10 days (days [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] (Fig. 2c) (Fig. 3b) . Mean PCa recovered slowly in all groups after EGF infusion had ceased and normal values were observed after day 19.
There was no effect of the LD of EGF on Uca, whereas the two higher doses reduced (P<001) UCa (Fig. Ae) During EGF infusion, there was no effect on mean UCaV (Fig. Af) UMg was reduced (P<001) during infusion of the MD and HD, but there was no effect of LD (Fig. 5a ). (Fig. 5b) (Fig. 5c ), but UPC.4 was increased (P = 0-05) during the HD infusion. Three ewes in the HD group responded with high UP04 values (1-3, 1-18 and 6-22 mmol/1 during infusion, followed by 0-1-4, 1-2 and 1-4 mmol/1 during the subsequent period of saline infusion respectively).
There was no effect of the LD on UPÛ4V (Fig. 5a") . In contrast, daily UP04V (Fig. 5d) Day of infusion figure 4. Concentrations in the urine and daily urinary excretion of (a, b) Na+, (c, d) K+ and (e,f) Ca2+ of adult ewes (fl = 8) during saline and epidermal growth factor (EGF) infusions. Ewes received a continuous infusion of saline (100 ml) per day for 9 days (days 2-10), then 1 (circles), 5 (triangles) or 10 (squares) pg EGF/kg live-weight per day for 5 days (days 11-15), followed by saline (100 ml) per day for 10 days (days [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Ewes received a continuous infusion of saline (100 ml) per day for 9 days (days 2-10), then 1 (circles), 5 (triangles) or 10 (squares) pg EGF/kg liveweight per day for 5 days (days 11-15), followed by saline (100 ml) per day for 10 days (days 16-25 There was no effect of the LD of EGF on Uurate (Fig. 5e) (Wynn, Maddocks, Moore et al. 1989 ) and EGF-like molecules (Sundell, Serenius, Barthe et al. 1975; Moore, Wynn, Djura & Van Dooren, 19866; Freemark & Comer, 1987; Gow, Singleton, Silvapulle & Moore, 1991) (Hungate, 1966; Froetschel, Croom, Hagler et al. 1987 ).
Excretion of EGF
The putative proportion of EGF infúsate appearing in urine plateaued at 6% for ewes given the MD and the HD of EGF. This value for the renal uptake and transfer of EGF into urine is higher than that reported for lactating ewes (Andersson, 1978 ;  Thornton, Baldwin (Rasmussen, 1985) (Rasmussen, 1985) , explaining the aetiology of the concurrent hypermagnesaemia but not that of the hypocalcaemia. Calcitonin is also involved in maintaining plasma Ca2+ homeostasis and bone remodelling, but the effectiveness of calcitonin is greater in young animals than in older animals (Rasmussen, 1985) (O'Connor, 1982; Merchen, 1988 ), yet there was no effect of EGF on Purate However, as most ewes main¬ tained feed intake but had reduced the output of faecal dry matter, it appears that the motility, and thus function, of the digestive tract were affected by the MD and the HD of EGF.
Glucose has been implicated in dipsogenic responses to insulin injection (Lopez-Sela et al. 1989 (Scoggins et al. 1984) . We suggest that EGF in the range of 5-10 pg/kg LW per day acts through another mechanism. In line with this, the effects of large doses of EGF on the renal and cardiovascular system have been studied by Scoggins et al. (1984) . These workers reported increases in heart rate and cardiac output, and reduced mean ar¬ terial blood pressure and peripheral resistance in ewes during the infusion of 125 pg EGF/h for 5 h, and asso¬ ciated with this were increased plasma renin concen¬ trations. The renal effects of EGF have been reviewed recently by Fisher et al. (1989) and further studies are underway to investigate in detail the physiological implications of the presently reported dipsogenic/ diuretic doses of EGF.
